Since many of the quantitative plant characters of economic values are highly influenced by environmental condition, the progress in breeding in such a population is primarily conditioned by the magnitude, nature and inter-relations of genotypic and non-genotypic variations in plant characters. Therefore we estimated phenotypic, genotypic and environmental correlation coefficients and path coefficients among eight quantitative traits of bread wheat to make selection efforts more efficient. These traits were measured in 30 wheat genotypes, which were laid out in a randomized block design with three replications in Khumaltar, Kathmandu during 2003. The highest genotypic correlation (0.81) was between heading and maturity days. Tiller number was negatively correlated with grain number per spike (-0.78) at genetic level. Phenotypically, number of grains and grain weight per spike showed the largest coefficient (0.92) and maturity days exhibited negative association with plant height (-0.37). Environmental correlation coefficient was the highest between tillers number and grain yield (0.5) and heading days showed negative relationship with grain yield (-0.28). It indicates that number of tiller and grains per spike are the most important traits for yield. In most of the cases, genotypic correlations were higher than phenotypic correlations. Maturity days exerted the greatest influence (2.41) directly upon yield. Negative direct effect of heading days and positive effect of tiller number on yield was also considerable on magnitude. Indirect effect of heading days via maturity days was the highest followed by spike grain weight via maturity on grain yield. Results showed that grain filling period is an important factor and number of tillers and grains per spike should also be considered during selection for getting high yielding genotypes.
Introduction
Conventional breeding has dominated the wheat improvement program in Nepal. Due to the availability of diverse wheat genotypes, wild relatives (Mudwari 1999 , Upadhyay & Joshi 2003 , Mudwari et al. 2005 and introduced genotypes (NARC 1997) , breeding efforts are well recognized among the farmers for meeting their diverse needs. Modern cultivars have covered 90% of the wheat area (Bhatta et al. 2000) . Selection has prime importance in crop improvement program therefore selection aids could play a significant role in achieving breeding goals.
Correlation and path coefficient analyses would assist in the choice of characters whose selection would result in the improvement of a complex character such as yield. Correlation estimates the degree of association between variables. Path analysis is useful to know the indication of which variables exert an influence on other variables while recognizing the multicolinearity (Akanda & Mundit 1996) . Path coefficient analysis has been useful in determining selection criteria in a number of crops such as wheat (Fonseca & Patterson 1968 , Mudwari 1985 , Akanda & Mundit 1996 , maize (Ivanovic & Rosic 1985) , soybeans (Pandey & Torrie 1973) , rice (Rao et al. 1997 , Joshi 2003 .
In the breeding history of wheat in Nepal, estimates of these coefficients were not common. Therefore this investigation was undertaken for developing the selection criteria based on magnitude and direction of correlation and direct and indirect effects among metric traits.
Materials and Methods
A total of 28 advanced wheat lines and two-released wheat cultivars were evaluated in an initial evaluation trial at Agriculture Botany Division, Khumaltar, Kathmandu during 2003. Standard agronomical practices were followed. Eight traits namely heading days, maturity days, plant height, tiller number, grain number, spike grains weight, 1000-grain weight and grain yield were measured from these 30 wheat genotypes which were laid out in randomized complete block design with three replications.
Based on these replicated data, phenotypic, genotypic and environmental correlation coefficients were estimated among the quantitative traits. Path analysis was based on genotypic correlation coefficients and estimated following the procedure of Dewey and Lu (1959) . Data were processed in MS Excel and analyzed in MINITAB and AGROBASE softwares.
Results and Discussion
Correlation coefficients (r) of all possible pairs of eight traits were estimated in terms of phenotypic, genotypic and environmental characters (Table 1) . Heading days were highly correlated with maturity days at phenotypic level. These were negatively associated with plant height, tiller number and grain yield. Relationship between maturity days and spike grain weight was strong in positive direction. Negatively related traits with maturity were plant height, tiller number and 1000-grain weight. Plant height showed negative coefficient values with tiller number, spike grains number and grain yield. Strongly correlated trait was tiller number and grain yield. Tiller number was negatively related with spike grain number and 1000-grain weight. The highest rvalue was between spike grains number and spike grains weight. However, spike grains number and 1000-grain weight were negatively associated. Relatively, r-values of spike grains weight were higher with 1000-grain weight and grain yield. Phenotypically, three traits, namely tiller number, spike grains number and spike grains weight can be considered during selection to increase yield. In most of the cases, genotypic r-values were higher than phenotypic and environmental characters. Similar result was also reported by Mudwari (1985) . Heading days were highly correlated with maturity days at genotypic level. It was negatively associated with tillers number and plant height. Similar trend of maturity days was with plant height and tillers number. It indicates that maturity days could be useful to increase spike grains number and spike grains weight. Negatively related traits with plant height were tillers number, spike grains number and grain yield. Tillers number showed strong association with grain yield but it was negative with spike grains number, spike grains weight and 1000-grain weight. Correlation value between spike grains number and grain yield was not considerable in magnitude. Spike grains number was negatively correlated with spike grains weight and 1000-grain weight. The r-values of spike grains weight with 1000-grain weight and yield, and of 1000-grain weight with grain yield were high in positive direction. Genotypic correlation study showed the importance of tillers number, spike grains weight, 1000-grain weight to consider them during selection.
Environment favoring the tillering capacity and spike grains weight was helpful for increasing grain yield. Environmental correlation coefficient between 1000-grain weight and grain yield was negative. Positive relationships between heading days and maturity days, heading days and spike grains weight, tillers number and spike grains weight, spike grains number and spike grains weight were high.
The direction and magnitude of r-values are very useful during selection of genotypes. In wheat, tillers number, spike grains number and 1000-grain weight are major yield components. In this study four traits namely tillers number, spike grains number, spike grains weight and 1000-grain weight were very important for grain yield improvement. Grain filling period was also equally important.
Significant positive genotypic correlations of grain yield with tillers number, spike grains number, 1000-grain weight and plant height were reported by Mudwari (1985) . He also observed significant negative genotypic correlations of grain yield with days to heading and days to maturity. In the study of Moghaddam et al. (1998) , plant height was positively correlated with number of tillers and straw biomass per plant but negatively associated with number of grains per spike, grains yield and harvest index.
The negative relationship between vegetative period and grain filling period under drought stress condition was reported by Simane et al. (1993) . Akanda and Mundit (1996) reported that in some cases yield component compensation was indicated by the presence of negative correlations among the yield components.
Partitioning the genotypic correlation coefficients into direct and indirect effects could help further for understanding the relative importance of traits with each other. The direct positive effects of maturity days and tillers number on yield were higher ( Table 2 ). The effects of plant height and 1000-grain weight on yield were also high and positive. Spike grains number, spike grains weight and heading days exerted negative direct influence on yield. The residual effect determines how best the studied traits account for the variability of the yield. These seven traits explained about 75% of the variability in the grain yield.
Indirect effects of these seven traits on grain yield are given in Table 2 . Heading days exerted positive indirect effect on yield via maturity days but negative indirect effect on yield via plan height. Maturity days showed negative indirect effects on yield via all the traits except 1000-grain weight. The magnitude of indirect effect of plant height via heading days and maturity days were considerable which were at positive and negative directions respectively. Similarly, negative value of tillers number via maturity days and positive value via spike grains number indicates their relative contribution towards yield. The indirect high effects of spike grains number via maturity days and tillers number were positive and negative respectively. Indirect positive effect of 1000-grain weight via spike grains number and negative effect via tillers number were also important. Mudwari (1985) found that the number of spikelets per spike exerted the greatest influence directly and indirectly upon grain yield. The direct effect of days to heading on grain yield was negligible, whereas that of plant height, spike grain number and grain weight was moderate to high. The negative correlation between plant height and grain yield was due to indirect negative effects mainly via grain number, maturity days and grain weight. Similar results were reported by Moghaddam et al. (1998) . Significantly positive direct effect of tillers number on grain yield was also reported by Siamane et al. (1993) . In his study, grain per spike had the largest direct effect. Akanda and Mundit (1996) reported that the components with the highest correlations to yield also had the largest direct effects on yield. Of the studied traits, tillers number exerted the largest direct influence on yield. Similar type of finding was reported by Akanda and Mundit (1993) . Our results indicate that, tendem selection is effective for tiller number and 1000-grain weight, simultaneous selection for spike grain number and restricted selection for plant height.
Traits developed at extreme stage of growth e.g. tiller number and 1000-grain weight show relatively higher coefficients. Correlation study suggests that tillers number was the most important trait for selecting high yield, spike grains weight the second and 1000-grain weight the third important selection criteria. Path coefficient study revealed that tiller number, plant height and 1000-grain weight were the first, second and third most important traits respectively that can be considered during selection process. Maturity days have also high direct effect but its indirect effects with other traits suppress the importance of this direct effect. We hope that these findings will be useful to all dedicated wheat breeders.
